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(54) Automatic equalization system 

(57) An automatic equalization system includes an 
analog-to-digital converter (3) for periodically sampling 
an analog signal representative of digital information in 
response to a sampling clock signal, and for converting 
every sample of the analog signal into a corresponding 
digital sample to convert the analog signal into a corre- 
sponding digital signal. A first device (6) operates for 
detecting a phase error of the sampling clock signal in 
response to a correlation between samples of the digital 
signal generated by the analog-to-digital converter. A 
second device (15,16,7) operates for controlling a fre- 
quency of the sampling clock signal in response to the 
phase error detected by the first device. A variable filter 
(4) operates for subjecting the digital signal generated 
by the analog-to-digital converter to a variable filtering 
process to convert the digital signal generated by the 



analog-to-digital converter into a filtering-resultant sig- 
nal. The filtering process corresponds to a waveform 
equalization process. A third device (8) operates for 
detecting an amplitude error of the digital signal gener- 
ated by the analog-to-digital converter in response to a 
correlation between samples of the filtering-resultant 
signal generated by the variable filter. A fourth device 
(8) operates for controlling the filtering process imple- 
mented by the variable filter in response to the ampli- 
tude error detected by the third device. The analog-to- 
digitaJ converter, the first device, and the second device 
compose a phase locked loop while the variable filter, 
the third device, and the fourth device compose an 
amplitude error conecting loop separate from the phase 
locked loop. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to an automatic equalization 
system for suppressing errors in a transmitted digital 
information signal. Also, this invention relates to a noise 
reduction circuit. Furthermore, this invention relates to a 
phase lock control circuit. 

Description of the Related Art 

It is known to transmit digital video and audio infor- 
mation signals via limited frequency bands. Also, it is 
known to reproduce digital video and audio information 
signals from recording mediums. The rate of errors in 
such a digital information signal tends to be adversely 
affected by noise. In addition, the rate of errors depends 
on the characteristic of a transmission path, the type of 
a recording medium, or the type of transmission. 

There are prior-art automatic equalization systems 
of various types which operate to suppress errors in 
transmitted digital information signals. The prior-art 
automatic equalization systems implement level control, 
bit synchronization control, and waveform equalization. 
The level control adjusts the maximum level of signal 
samples at a given level to enable accurate detection of 
values represented by a transmitted digital information 
signal. The bit synchronization control adjusts a sam- 
pling clock signal into timing agreement with moments 
at which data bits are present. The waveform equaliza- 
tion compensates for deteriorations in high frequency 
components and low frequency components of a trans- 
mitted digital information signal, and also for inter-sym- 
bol interferences. 

Generally, calibration and adjustment of portions of 
the prior-art automatic equalization systems are rela- 
tively complicated. 

SUMMARY OF THE INVENTION 

It is a first object of this invention to provide an 
improved automatic equalization system. 

It is a second object of this invention to provide an 
improved noise reduction circuit. 

It is a third object of this invention to provide an 
improved -phase lock control circuit. 

A first aspect of this invention provides an auto- 
matic equalization system comprising an analog-to-dig- 
ital converter for periodically sampling an analog signal 
representative of digital information in response to a 
sampling clock signal, and for converting every sample 
of the analog signal into a corresponding digital sample 
to convert the analog signal into a corresponding digital 
signal; first means for detecting a phase error of the 
sampling clock signal in response to a correlation 



between samples of the digital signal generated by the 
analog-to-digital converter; second means for control- 
ling a frequency of the sampling clock signal in 
response to the phase error detected by the first means; 
5 a variable filter for subjecting the digital signal gener- 
ated by the analog-to-digital converter to a variable fil- 
tering process to convert the digital signal generated by 
the analog-to-digital converter into a filtering-resultant 
signal, the filtering process corresponding to a wave- 
io form equalization process; third means for detecting an 
amplitude error of the digital signal generated by the 
analog-tc-digital converter in response to a correlation 
between samples of the filtering-resultant signal gener- 
ated by the variable filter; and fourth means for control- 
15 ling the filtering process implemented by the variable 
filter in response to the amplitude error detected by the 
third means; wherein the analog-to-digital converter, the 
first means, and the second means compose a phase 
locked loop while the variable filter, the third means, and 

20 the fourth means compose an amplitude error correct- 
ing loop separate from the phase locked loop. 

A second aspect of this invention is based on the 
first aspect thereof, and provides an automatic equali- 
zation system wherein the first means comprises 

25 means for detecting the phase error in response to 
three successive samples of the digital signal generated 
by the analog-to-digital converter. 

A third aspect of this invention is based on the first 
aspect thereof, and provides an automatic equalization 

30 system wherein the phase error of the sampling clock 
signal which is detected by the first means is defined 
relative to the analog signal. 

A fourth aspect of this invention is based on the first 
aspect thereof, and provides an automatic equalization 

35 system wherein the first means comprises means for 
comparing a level of every sample of the digital signal 
generated by the analog-to-digital converter with a ref- 
erence level, means for adaptively changing the refer- 
ence level in response to the digital signal generated by 

40 the analog-to-digital converter, and means for detecting 
the phase error in response to a result of the level com- 
parison. 

A fifth aspect of this invention provides a noise 
reduction circuit comprising first means for deciding a 

45 level of every sample of an input signal representative of 
digital information in response to a maximum likelihood 
related to the input signal; second means for generating 
an ideal signal in response to the level decided by the 
first means; third means for calculating a difference 

so between the input signal and the ideal signal generated 
by the second means; fourth means for generating a 
corrective signal in response to the difference calcu- 
lated by the third means; and fifth means for correcting 
the input signal in response to the corrective signal gen- 

55 erated by the fourth means. 

A sixth aspect of this invention provides a noise 
reduction circuit comprising first means for deciding a 
level of every sample of an input signal representative of 
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digital information in response to a maximum likelihood 
related to the input signal, and for generating a level 
decision signal representing the decided level; a first 
memory for storing successive samples of the level 
decision signal generated by the first means; a second 5 
memory for storing successive samples of the input sig- 
nal, wherein the signal samples stored in the second 
memory correspond to the signal samples stored in the 
first memory respectively; second means for comparing 
a first pattern represented by a given number of last w 
successive samples of the level decision signal with 
second patterns represented by the signal samples in 
the first memory to detect, from among the second pat- 
terns, a past pattern corresponding to the first pattern, 
and for generating an address signal in response to a 75 
position of the detected past pattern; third means for 
selecting a signal sample from among the signal sam- 
ples in the second memory in response to the address 
signal generated by the second means; fourth means 
for calculating a difference between the signal sample 20 
selected by the third means and a corresponding sam- 
ple of the input signal; fifth means for generating a cor- 
rective signal in response to the difference calculated by 
the fourth means; and sixth means for correcting the 
input signal into a correction-resultant signal in 2 s 
response to the corrective signal generated by the fifth 
means. 

A seventh aspect of this invention is based on the 
sixth aspect thereof, and provides a noise reduction cir- 
cuit further comprising seventh means for writing a 30 
present sample of the correction-resultant signal over a 
corresponding signal sample in the second memory. 

An eighth aspect of this invention provides a phase 
lock control circuit comprising an analog-to-digital con- 
verter for periodically sampling an analog signal repre- 35 
sentative of digital information in response to a 
sampling clock signal, and for converting every sample 
of the analog signal into a corresponding digital sample 
to convert the analog signal into a corresponding digital 
signal; first means for detecting a phase error between 40 
the sampling clock signal and the analog signal in 
response to a maximum likelihood related to the analog 
signal and also in response to a correlation between 
samples of the digital signal generated by the analog-to- 
digital converter; and second means for controlling a 45 
frequency of the sampling clock signal in response to 
the phase error detected by the first means. 

A ninth aspect of this invention is based on the 
eighth aspect thereof, and pTovides a phase lock control 
circuit wherejn the first means comprises means for so 
detecting the phase error in response to three succes- 
sive samples of the digital signal generated by the ana- 
log-tp-digital converter. _ - = 

BRIEF DESCRIPTION OF THE DRAWINGS 55 

Fig. 1 is a block diagram of a prior-art automatic 
equalization system. 



Fig. 2 is a block diagram of an automatic equaliza- 
tion system according to a first embodiment of this 
invention. 

Fig. 3 is a block diagram of a phase detection circuit 
in Fig. 2. 

Fig. 4 is a time-domain diagram of a signal wave- 
form corresponding to a bit sequence of "010" which is 
free from a phase error relative to sampling moments. 

Rg. 5 is a time-domain diagram of a signal wave- 
form corresponding to a bit sequence of "010" which 
has a phase retardation relative to sampling moments. 

Rg. 6 is a time-domain diagram of a signal wave- 
form corresponding to a bit sequence of "010" which 
has a phase advance relative to sampling moments. 

Rg. 7 is a time-domain diagram of signals in the 
automatic equalization system of Fig. 2. 

Rg. 8 is a block diagram of a waveform equalization 
circuit and a related control circuit in Fig. 2. 

Rg. 9 is a block diagram of a holding and selecting 
circuit in Fig. 8. 

Rg. 1 0 is a block diagram of an error calculation cir- 
cuit in Fig. 8. 

Rg. 1 1 is a time-domain diagram of signal samples. 

Rg. 12 is a time-domain diagram of signal samples 
which result from processing the signal samples in Rg. 
1 1 by the automatic equalization system of Rg. 2. 

Rg. 13 is a block diagram of a noise reduction cir- 
cuit according to a second embodiment of this inven- 
tion. 

Fig. 14 is a block diagram of an NR calculation cir- 
cuit in Fig. 13. 

Rg. 15 is a time-domain diagram of signal samples. 

Rg. 16 is a time-domain diagram of signal samples 
which result from processing the signal samples in Rg. 
15 by the noise reduction circuit of Rg. 13. 

Rg. 17 is a block diagram of a noise reduction cir- 
cuit according to a third embodiment of this invention. 

Rg. 18 is a block diagram of an example of a provi- 
sional determination circuit in Rg. 3. 

Rg. 19 is a block diagram of an example of a provi- 
sional determination circuit in Rg. 8. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

A prior-art automatic equalization system will be 
explained hereinafter for a better understanding of this 
invention. 

With reference to Rg. 1, the prior-art automatic 
equalization system includes an equalization circuit 
901, a gain adjustment circuit 902, an analog-to-digital 
(A/D) converter 903, a waveform equalization circuit 
904, a viterbi circuit 905, a phase detection circuit 906, 
a voltage controlled oscillator (VCO) 907, control cir- 
cuits 908 and 909, a digital-to-analog (D/A) converter 
915. and a filter 91 6. 

In the prior-art automatic equalization system of 
Fig. 1 , an input analog signal representing a digital infor- 
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mation signal is applied to the equalization circuit 901, 
and is subjected thereby to equalization for suppressing 
inter-symbol interferences caused by a transmission 
side or a recording side. The equalization circuit 901 is 
of an analog type. The output signal of the equalization 5 
circuit 901, that is, the equalization-resultant signal, is 
amplified by the gain adjustment circuit 902 at a variable 
gain. The A/D converter 903 periodically samples the 
output signal of the gain adjustment circuit 902 in 
response to a sampling clock signal, and converts every 10 
sample of the output signal of the gain adjustment cir- 
cuit 902 into a digital form. Thus, the A/D converter 903 
changes the output signal of the gain adjustment circuit 
902 into a corresponding digital signal. The digital signal 
generated by the A/D converter 903 is processed by the rs 
waveform equalization circuit 904. The signal process- 
ing by the waveform equalization circuit 904 is designed 
to correspond to waveform equalization responsive to 
variable waveform equalization coefficients. The output 
signal of the waveform equalization circuit 904, that is, 20 
the waveform-equalization-resultant signal, is fed to the 
viterbi circuit 905, the phase detection circuit 906, and 
the control circuits 908 and 909. 

The viterbi circuit 905 recovers a two-value informa- 
tion signal, that is, a digital information signal, from the 25 
output signal of the waveform equalization circuit 904 
through a decision process. The viterbi circuit 905 out- 
puts the recovered digital information signal to an exter- 
nal device (not shown). 

The phase detection circuit 906 generates a digital- 30 
signal of a phase error in response to the output signal 
of the waveform equalization circuit 904. The phase 
error is a difference in timing between the sampling 
clock signal used by the A/D converter 903 and the sig- 
nal outputted to the A/D converter 903 from the gain 35 
adjustment circuit 902. The phase detection circuit 906 
outputs the digital phase error signal to the D/A con- 
verter 915. The D/A converter 915 changes the digital 
phase error signal into a corresponding analog phase 
error signal. The analog phase error signal is fed from 40 
the D/A converter 91 5 to the voltage controlled oscillator 
907 as a control voltage via the filter 91 6. In general, the 
filter 916 is of the low pass type. The voltage controlled 
oscillator 907 generates a signal (a variable-frequency 
signal) having a frequency which depends on the ana- 45 
log phase error signal. The variable-frequency signal 
generated by the voltage controlled oscillator 907 is fed 
to the A/D converter 903 as the sampling clock signal. 

The-A/D converter 903, the waveform equalization 
circuit 904, the phase detection circuit 906, the D/A con- so 
verter 915, the filter 916, and the voltage controlled 
oscillator 907 compose a phase locked loop. In general, 
the filter 916 is referred to as a loop filter. 

The control circuit 908 generates a signal for con- 
trol of the waveform equalization coefficients in 55 
response to the output signal of the waveform equaliza- 
tion circuit 904. The control circuit 908 outputs the con- 
trol signal to the waveform equalization circuit 904. The 



control signal adjusts the waveform equalization coeffi- 
cients used in the waveform equalization circuit 904. 
The waveform equalization circuit 904 and the control 
circuit 908 compose a waveform equalization loop. 

The control circuit 909 generates a signal for con- 
trol of the gain of the gain adjustment circuit 902 in 
response to the output signal of the waveform equaliza- 
tion circuit 904. The control circuit 909 outputs the con- 
trol signal to the gain adjustment circuit 902. 
Accordingly, the control circuit 909 adjusts the gain of 
the gain adjustment circuit 902. 

The gain adjustment circuit 902, the A/D converter 
903, the waveform equalization circuit 904, and the con- 
trol circuit 909 compose a gain control loop. 

In the prior-art automatic equalization system of 
Fig. 1 , the A/D converter 903 is common to the phase 
locked loop and the gain control loop. The waveform 
equalization circuit 904 is common to the phase locked 
loop, the gain control loop, and the waveform equaliza- 
tion loop. Thus, the phase locked loop, the gain control 
loop, and the waveform equalization loop have a com- 
mon signal path. The common signal path causes cali- 
bration and adjustment of portions of the prior-art 
automatic equalization system to be relatively compli- 
cated. 

In the prior-art automatic equalization system of 
Fig. 1, since the phase locked loop contains the wave- 
form equalization circuit 904, the capture range pro- 
vided by the phase locked loop tends to be relatively 
narrow. 

First Embodiment 

Fig. 2 shows an automatic equalization system 
according to a first embodiment of this invention. The 
automatic equalization system of Fig. 2 includes an 
equalization circuit 1, a gain adjustment circuit 2, an 
analog-to-digital (A/D) converter 3, a waveform equali- 
zation circuit 4, a viterbi circuit 5, a phase detection cir- 
cuit 6, a voltage controlled oscillator (VCO) 7, control 
circuits 8 and 9, a digrtal-to-analog converter (D/A) 15, 
and a filter 16. 

The input terminal of the equalization circuit 1 is 
connected to a magnetic head 1 B via a preamplifier 1 C. 
The magnetic head 1B scans a magnetic tape 1A. It 
should be noted that a low pass filter may be provided 
between the preamplifier 1 C and the equalization circuit 
1 . The output terminal of the equalization circuit 1 is 
connected to the input terminal of the gain adjustment 
circuit 2. The gain adjustment circuit 2 has a control ter- 
minal connected to the output terminal of the control cir- 
cuit 9. The output terminal of the gain adjustment circuit 

2 is connected to the input terminal of the A/D converter 

3 and also the input terminal of the control circuit 9. The 
A/D converter 3 has a clock terminal connected to the 
output terminal of the voltage controlled circuit 7. 

The output terminal of the A/D converter 3 is con- 
nected to the input terminal of the waveform equaliza- 
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tion circuit 4 and also the input terminal of the phase 
detection circuit 6. The waveform equalization circuit 4 
has a control terminal connected to the output terminal 
of the control circuit 8. The output terminal of the wave- 
form equalization circuit 4 is connected to the input ter- 
minal of the viterbi circuit 5 and also the input terminal 
of the control circuit 8. The output terminal of the viterbi 
circuit 5 can be connected to an external device (not 
shown). 

The output terminal of the phase detection circuit 6 
is connected to the input terminal of the D/A converter 
15. The output terminal of the D/A converter 15 is con- 
nected to the input terminal of the filter 1 6. The output 
terminal of the filter 16 is connected to the control termi- 
nal of the voltage controlled oscillator 7. 

The magnetic tape 1A stores a signal including a 
digital information signal (for example, a digital 
video/audio signal). The signal stored in the magnetic 
tape 1 A conforms to a partial response format such as 
a PR(1, 0, -1) format. The magnetic head 1B repro- 
duces the signal from the magnetic tape 1 A. The repro- 
duced signal is fed from the magnetic head 1 B to the 
equalization circuit 1 via the preamplifier 1C as an input 
analog signaJ representing a digital information signal. It 
should be noted that a signal representing a digital infor- 
mation signal and being transmitted via a transmission 
line may be applied to the equalization circuit 1 as an 
input signal. 

The equalization circuit 1 subjects the input analog 
signal to equalization for suppressing inter-symbol inter- 
ferences caused by a transmission side or a recording 
side. The equalization circuit 1 is of an analog type. The 
output signaJ of the equalization circuit 1 f that is, the 
equalization-resultant signal, is amplified by the gain 
adjustment circuit 2 at a variable gain. The A/D con- 
verter 3 periodically samples the output signal of the 
gain adjustment circuit 2 in response to a sampling 
clock signal, and converts every sample of the output 
signal of the gain adjustment circuit 2 into a digital form. 
Thus, the A/D converter 3 changes the output signal of 
the gain adjustment circuit 2 into a corresponding digital 
signal. The A/D converter 3 outputs the digital signal to 
the waveform equalization circuit 4 and the phase 
detection circuit 6. 

The digital signal generated by the A/D converter 3 
is processed by the waveform equalization circuit 4. The 
signal processing by the waveform equalization circuit 4 
is designed to correspond to waveform equalization 
responsive to variable waveform equalization coeffi- 
cients. The waveform equalization circuit 4 includes a 
digital transversal filter for implementing the waveform 
equalization. The output signal of the waveform equali- 
zation i circuit A„ that is, the waveform-equalization- 
resultant signal, is fed to the viterbi circuit 5 and the con- 
trol circuit 8. 

The viterbi circuit 5 recovers a two-value informa- 
tion signal, that is, a digital information signal, from the 
output signal of the waveform equalization circuit 4 
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through a decision process. The viterbi circuit 5 outputs 
the recovered digital information signal to an external 
device (not shown). 

The phase detection circuit 6 generates a digital 
5 signal of a phase error in response to the output signal 
of the A/D converter 3. This phase error means an error 
between the phase of the signal fed to the A/D converter 
3 from the gain adjustment circuit 2 and the phase of the 
sampling clock signal used by the A/D converter 3. The 
10 phase detection circuit 6 outputs the digital phase error 
signal to the D/A converter 15. The D/A converter 15 
changes the digital phase error signal into a corre- 
sponding analog phase error signal. The analog phase 
error signal is fed from the D/A converter 15 to the volt- 
15 age controlled oscillator 7 as a control voltage via the fil- 
ter 16. In general, the filter 16 is of the low pass type. 
The voltage controlled oscillator 7 generates a signal (a 
variable-frequency signal) having a frequency which 
depends on the analog phase error signal. The variable- 
20 frequency signal generated by the voltage controlled 
oscillator 7 is fed to the A/D converter 3 as the sampling 
clock signal. 

The A/D converter 3, the phase detection circuit 6, 
the D/A converter 15, the filter 16, and the voltage con- 
25 trolled oscillator 7 compose a phase locked loop. In gen- 
eral, the filter 1 6 is referred to as a loop filter. The phase 
locked loop is designed to implement the following proc- 
esses. When the phase error is negative, the voltage 
controlled oscillator 7 retards the sampling clock signal 
30 for the A/D converter 3 to nullify the phase error. When 
the phase error is positive, the voltage controlled oscil- 
lator 7 advances the phase of the sampling clock signal 
for the A/D converter 3 to nullify the phase error. Thus, 
the phase locked loop adjusts the sampling clock signal 
35 into phase agreement with the signal fed to the A/D con- 
verter 3 from the gain adjustment circuit 2. 

The control circuit 8 generates a signal for control of 
the waveform equalization coefficients in response to 
the output signal of the waveform equalization circuit 4. 
40 The control circuit 8 outputs the control signal to the 
waveform equalization circuit 4. The control signal 
adjusts the waveform equalization coefficients used in 
the waveform equalization circuit 4. The waveform 
equalization circuit 4 and the control circuit 8 compose 
45 a waveform equalization loop. 

The control circuit 9 generates a signal for control of 
the gain of the gain adjustment circuit 2 in response to 
the output signal of the gain adjustment circuit 2. The 
control circuit 9 outputs the control signal to the gain 
so adjustment circuit 2. Accordingly, the control circuit 9 
adjusts the gain of the gain adjustment circuit 2 in 
response to the output signal of the gain adjustment cir- .. 
cuit 2. The gain adjustment is designed to maintain the 
amplitude of the output signal of the gain adjustment cir- 
55 cuit 2 at a predetermined constant value. The gain 
adjustment circuit 2 and the control circuit 9 compose a 
gain control loop. 

In the automatic equalization system of Fig. 2, the 
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phase locked loop, the waveform equalization loop, and 
the gain control loop are separate from each other. This 
design simplifies calibration and adjustment of portions 
of the automatic equalization system. Since the wave- 
form equalization circuit 4 is excluded from the phase 
locked loop, the capture range provided by the phase 
locked loop can be relatively wide. 

As shown in Fig. 3, the phase detection circuit 6 
includes delay circuits 1 1 and 12, a provisional determi- 
nation circuit 13, and an error calculation circuit 14. The 
error calculation circuit 14 includes a subtracter 141, an 
inverter 142, a signal generator 143, a switch 144, and 
a latch 145. 

The input terminal of the delay circuit 1 1 is con- 
nected to the output terminal of the A/D converter 3. 
The output terminal of the delay circuit 1 1 is connected 
to the input terminal of the delay circuit 12 and also the 
input terminal of the provisional determination circuit 1 3. 
The output terminal of the delay circuit 12 is connected 
to a first input terminal of the subtracter 141. A second 
input terminal of the subtracter 141 is connected to the 
output terminal of the A/D converter 3. The output termi- 
nal of the subtracter 141 is connected to the input termi- 
nal of the latch 145. The output terminal of the latch 145 
is connected to the input terminal of the inverter 142. 
The output terminal of the inverter 1 42 is connected to a 
first fixed contact of the switch 144. The output terminal 
of the latch 145 is directly connected to a second fixed 
contact of the switch 144. The latch 145 has an enabling 
terminal connected to a first output terminal of the pro- 
visional determination circuit 13. The output terminal of 
the signal generator 143 is connected to a third fixed 
contact of the switch 144. The switch 144 has a control 
terminal connected to a second output terminal of the 
provisional determination circuit 13. The switch 144 has 
a movable contact which connects with"bne of the first 
second, and third fixed contacts thereof in response to a 
signal applied to the control terminal. The movable con- 
tact of the switch 144 is connected to the input terminal 
of the D/A converter 15. 

The delay circuit 1 1 receives the output signal of the 
A/D converter 3. The delay circuit 1 1 defers the output 
signal of the A/D converter 3 by a predetermined time 
corresponding to a 1 -sample interval or a 1 -bit-corre- 
sponding interval. The output signal of the delay circuit 

1 1 is applied to the delay circuit 12 and the provisional 
determination circuit 13. The delay circuit 12 defers the 
output signal of the delay circuit 1 1 by a predetermined 
time corresponding to a 1 -sample interval (a 1 -bit-corre- 
sponding interval). The output signal of the delay circuit 

12 is applied to the subtracter 141. The subtracter 141 
receives the output signal of the A/D converter 3. The 
subtracter 141 generates and outputs a signal corre- 
sponding to the output signal of the A/D converter 3 
minus the output signal of the delay circuit 12, that is, 
corresponding to the difference between the output sig- 
nal of the A/D converter 3 and the output signal of the 
delay circuit 12. 
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The provisional determination circuit 13 decides 
whether the value represented by the output signal of 
the delay circuit 1 1 is equal to "I", "0", or "-1". The pro- 
visional determination circuit 13 generates first and sec- 
5 ond control signals depending on the result of the 
decision. The provisional determination circuit 13 out- 
puts the first control signal to the latch 145 as an ena- 
bling signal. The provisional determination circuit 13 
outputs the second control signal to the switch 144 as a 
io switch control signal. For example, the switch control 
signal has two bits. When the provisional determination 
circuit 13 decides that the value represented by the out- 
put signal of the delay circuit 11 is equal to "I", the 
switch control signal is set in a first state corresponding 
is to "1". When the provisional determination circuit 13 
decides that the value represented by the output signal 
of the delay circuit 1 1 is equal to "0", the switch control 
signal is set in a second state corresponding to "0". 
When the provisional determination circuit 13 decides 
20 that the value represented by the output signal of the 
delay circuit 1 1 is equal to "-1 the switch control signal 
is set in a third state corresponding to H -1 

The output signal of the subtracter 1 41 corresponds 
to the difference in value between signal samples imme- 
25 diately preceding and following a signal sample cur- 
rently subjected to the decision by the provisional 
determination circuit 13. 

The latch 145 periodically samples and holds the 
output signal of the subtracter 1 41 in response to a sys- 
30 tern clock signal, for example, the output signal of the 
voltage controlled oscillator 7 (see Fig. 2). The latch 145 
is selectively enabled and disabled in response to the 
first control signal fed from the provisional determination 
circuit 13. For example, the first control signal has one 
35 bit The latch 1 45 is enabled when the first control signal 
is "1". The latch 145 is disabled when the first control 
signal is "0". The latch 145 serves as a 1 -sample delay 
circuit when being enabled. When the latch 145 is disa- 
bled, the signal held by the latch 145 is inhibited from 
40 being updated. 

The inverter 142 receives the output signal of the 
latch 145. The device 142 inverts the output signal of 
the latch 145, and outputs the inversion-resultant signal 
to the first fixed contact of the switch 144. The second 
45 fixed contact of the switch 1 44 receives the output sig- 
nal of the latch 145. The signal generator 143 supplies 
the third fixed contact of the switch 144 with a predeter- 
mined signal which corresponds to a condition where 
the phase error is null. The movable contact of the 
so switch 144 connects with one of the first, second, and 
third fixed contacts thereof in response to the switch 
control signal fed from the provisional determination cir- 
cuit 13. Thus, the switch 144 selects one of the output 
signal of the inverter 142, the output signal of the latch 
55 1 45, and the output signal of the signal generator 1 43 in 
response to the switch control signal fed from the provi- 
sional determination circuit 13. The switch 144 trans- 
mits the selected signal to the D/A converter 15 as the 
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phase error signal. 

Specifically, when the provisional determination cir- 
cuit 13 decides that the output signal of the delay circuit 
11 is equal to "1", that is, when the result of the decision 
by the provisional determination circuit 13 corresponds s 
to "1", the switch 144 selects the output signal of the 
latch 145. When the provisional determination circuit 13 
decides that the output signal of the delay circuit 1 1 is 
equal to "-1", that is, when the result of the decision by 
the provisional determination circuit 13 corresponds to 10 
"-1", the switch 144 selects the output signal of the 
inverter 142. When the provisional determination circuit 
13 decides that the output signal of the delay circuit 1 1 
is equal to "0", that is, when the result of the decision by 
the provisional determination circuit 13 corresponds to is 
"0", the switch 144 selects the output signal of the signal 
generator 143. 

Fig. 4 shows the waveform of a signal correspond- 
ing to a digital information signal which is "0". "1", and 
"0" at three successive sampling moments in the 20 
absence of a signal phase error relative to the sampling 
timing. With reference to Fig. 4, at a first sampling 
moment "a-1", the signal level is zero and a signal state 
of "0" is detected. At a second sampling moment "a", 
the signal level is significantly greater than zero and a 25 
signal state of "+1" is detected. At a third sampling 
moment "a+1 ", the signal level is zero and a signal state 
of "0" is detected. Thus, in Fig. 4, the difference 
between the signal levels which occur at the first and 
third sampling moments "a-1" and "a+1" is equal to 30 
zero. 

Fig. 5 shows the waveform of a signal correspond- 
ing to a digital information signal which js "0", "1", and 
"0" at three successive sampling moments in the pres- 
ence of a signal phase retardation relative to the sam- 35 
pling timing by a value "0". With reference to Fig. 5, at a 
first sampling moment "a-1", the signal level is zero. At 
a second sampling moment "a", the signal level is signif- 
icantly greater than zero. At a third sampling moment 
"a+1", the signal level is equal to a value "X" slightly 40 
greater than zero. Thus, in Fig. 5, the difference 
between the signal levels which occur at the first and 
third sampling moments "a-1" and "a+1" is equal to the 
non-zero value "-X". The non-zero value "-X" depends 
on the signal phase retardation relative to the sampling 45 
timing. 

Fig. 6 shows the waveform of a signal correspond- 
ing to a digital information signal which is "0", "1 \ and 
"0" at three successive sampling moments in the~pres- 
ence of a signal phase advance relative to the sampling so 
timing by a value "6". With reference to Fig. 6, at a first 
sampling moment "a-1", the signal level is equal to a 
value "Y* slightly greater than zero. At a second sam- 
pling moment "a", the signal level is significantly greater 
than zero. At a third sampling moment "a+1 the signal ss 
level is zero. Thus, in Fig. 6, the difference between the 
signal levels which occur at the first and third sampling 
moments "a-1 " and "a+1 " is equal to the non-zero value 



"Y". The non-zero value "Y" depends on the signal 
phase advance relative to the sampling timing. 

As understood from Figs. 4, 5. and 6, the signal 
phase error can be detected on the basis of the differ- 
ence between the signal levels which occur at the first 
and third sampling moments "a-1" and "a+1" in cases 
where a signal state of "+1" is detected at the second 
sampling moment "a". Similarly, the signal phase error 
can be detected on the basis of the difference between 
the signal levels which occur at the first and third sam- 
pling moments "a-1" and "a+1" in cases where a signal 
state of "-1 "- is detected at the second sampling moment 
"a". The subtracter 141 calculates the difference 
between the signal levels which occur at the first and 
third sampling moments "a-1" and "a+1". The provi- 
sional determination circuit 13 decides whether the sig- 
nal sample at the second sampling moment "a" is "1", 
"0". or "-1". 

The provisional determination circuit 13 is designed 
to implement signal processing explained hereinafter. 

With reference to Fig. 7, it is assumed that a digital 
information signal recorded on the magnetic tape 1 A 
has a bit sequence "1100010011110001". In Fig. 7, a 
three-value information signal detected on the basis of 
the signal reproduced from the magnetic tape 1 A has a 
level or a value which changes in time domain as "10(- 
1)001 (-1)01 000(-1)001". The magnetic recording and 
reproducing system, and the transversal filter in the 
waveform equalization circuit 4 have transfer character- 
istics of "1-D" (a 1-bit delay and a subtraction operator) 
which cause the time-domain level change of the 
detected information signal to be different from the bit 
sequence of the recorded digital information signal. 
Regarding the detected information signal, each level of 
"-1" is caused by the inter-symbol interference. 

Regarding the magnetic recording of the digital 
information signal, the transfer function of encoding the 
digital information signal by the partial response method 
is expressed as "1/1-D 2 ", which can be divided or con- 
verted into "1/(1-D)(1+D)\ The term "1-D" corresponds 
to a differential characteristic which can be provided by 
the signal reproduction. Thus, the reproduced signal is 
processed according to a "1 -D" function so that the pre- 
viously-indicated time-domain level change "10(- 
1)001 (-1)01000(-1)001" occurs. The waveform- equali- 
zation-resultant signal is processed according to a 
"1+D" (a 1-bit delay and an addition operator) function 
to recover a two-value information signal therefrom. 

With reference to Fig. 7, the signal reproduced from 
the magnetic tape 1A has an alternating voltage. The 
reproduced signal is periodically sampled at moments 
(1), (2), • • •, and (16). It is assumed that at the 
moment (1)7 the level' of a signal sample which occurs at 
a sampling moment preceding the moment (1) is 
decided to be "-1 ". In this case, at the moment (1), a ref- 
erence level is set to a given negative-direction value to 
detect a signal level of "+1 

At the moment (2), the level of the present signal 
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sample exceeds the reference value in the negative 
direction so that the reference level is changed from the 
given negative-direction value to a given positive-direc- 
tion value, and that the level of the signal sample at the 
moment (1) is decided to be "+1 At this time, it is pre- 5 
dieted that the level of a signal sample at the moment 
(2) is "0" or "-1 " since two successive signal samples of 
"+1 " will not occur. 

At the moment (3), the level of the present signal 
sample is closer to than the level of the signal sam- w 
pie at the moment (2) is. Thus, the level of the signal 
sample at the moment (2) is decided to be "0".. 

At the moment (4), the level of the present signal 
sample is closer to "0" than the level of the signal sam- 
ple at the moment (3) is. In addition, the level of the is 
present signal sample does not exceed the reference 
level. Accordingly, the level of the present signal sam- 
ple, that is, the level of the signal sample at the moment 
(4), is decided to be "0" while the level of the signal sam- 
ple at the moment (3) remains undecided. 20 

At the moment (5), the level of the present signal 
sample exceeds the reference level so that the level of 
the signal sample at the moment (3) is decided to be 
1". In addition, the reference level is changed from the 
given positive-direction value to the given negative- 25 
direction value. 

Regarding the reproduced signal, signal levels of 
and "-1" correspond to peaks and valleys formed 
by sharp portions of the waveform. Therefore, the levels 
of signal samples around and "-1" signal samples 30 
change across the reference level. In view of this fact, 
the following design is used. In the case where the level 
of a signal sample next to a signal sample of interest 
does not exceeds the reference level and is closer to "0" 
than the level of the signal sample of interest is, the level 35 
of the signal sample of interest remains undecided while 
the next signal sample is decided to be "0". 

For example, at the moment (4), the level of the 
present signal sample, that is, the level of the signal 
sample at the moment (4), is decided to be "0" while the 40 
level of the signal sample at the moment (3) remains 
undecided. At the moment (5), the level of the signal 
sample at the moment (3) is decided. Specifically, at the 
moment (5), the level of the signal sample at the 
moment (3) is decided to be "0" if the level of the present 45 
signal sample is lower than the level of the signal sam- 
ple at the moment (3). The level of the signal sample at 
the moment (3) is decided to be if the level of the 
present signal sample is g. eacer than the level of the 
signal sample at the moment (4) or if the level of the so 
present signal sample exceeds the reference level as 
shown in Fig. 7. 

The levels of signal samples at the moment (5) and 
later moments are similarly decided while the reference 
value is similarly updated. 55 

In this way, the provisional determination circuit 13 
detects signal samples of "+1" and "-1" which corre- 
spond to maximum likelihoods. The provisional determi- 



nation circuit 13 decides that other signal samples are 
of n 0". Accordingly, even if noise due to an inter-symbol 
interference is added to an originally-0-level signal sam- 
ple around a peak or a valley of the waveform, the level 
of the signal sample can be correctly decided to be "(T. 

The recording of the digital information signal on 
the magnetic tape 1 A in the partial response method 
positively uses inter-symbol interferences. Therefore, 
the reproduced signal has neither successive peaks nor 
successive vaJleys. In other words, the reproduced sig- 
nal has an alternation of peaks and valleys. For exam- 
ple, the digital information signal of 00100 is detected as 
a three-value information signal of 001 (-1)0 in which a 
signal sample of "-1" immediately following a signal 
sample of "1" reflects an inter-symbol interference. 
Accordingly, in the case where two successive signal 
samples of "+1" occur, one of the two signal samples is 
caused by noise and is an error. 

The provisional determination circuit 13 implements 
maximum-likelihood-based signal processing to decide 
which of successive signal samples of M +1" (or M -1") is 
true. The maximum-likelihood-based signal processing 
premises that information-representing signal compo- 
nents have a correlation while noise in the reproduced 
signal does not have any correlation. For example, if a 
"+1" level of a magnitude is detected at a sampling 
moment and another "+r level of a greater magnitude 
is detected at a next sampling moment, the latter 
level is higher in likelihood than the former "+1" level. 
Thus, in this case, the latter "+t " level is decided to be 
true while the former "+r level is decided to be false 
and is regarded as a "0* level. If a M +1" level is detected 
at a sampling moment and a "-1 " level is detected at a 
next sampling moment, the "+r level is high in likeli- 
hood. Thus, the result of the decision about a signal 
sample with a "+1" level depends on the level of a next 
signal sample. For example, if a "-1 " level of an absolute 
magnitude is detected at a sampling moment and 
another level of a greater absolute magnitude is 
detected at a next sampling moment, the latter "- V level 
is higher in likelihood than the former "-1" level. Thus, in 
this case, the latter "-1" level is decided to be true while 
the former "-I* level is decided to be false and is 
regarded as a "0" level. 

In the case where the provisional determination cir- 
cuit 1 3 decides that the level of the present signal sam- 
ple is M the sign or the polarity of the output signal of 
the latch 1 45 (that is, the sign of the difference between 
the output signal of the A/D converter 3 and the output 
signal of the delay circuit 12) is inverted with respect to 
that available for a signal sample of "+r. Accordingly, 
when the result of the decision by the provisional deter- 
mination circuit 13 corresponds to "-1", the provisional 
determination circuit 1 3 controls the switch 144 to select 
the output signal of the inverter 1 42. 

As previously indicated, when the result of the deci- 
sion by the provisional determination circuit 13 corre- 
sponds to "0". the provisional determination circuit 13 
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controls the switch 144 to select the output signal of the 
signal generator 1 43 which corresponds to a condition 
where the phase error is null. 

As shown in Fig. 8, the waveform equalization cir- 
cuit 4 includes a DC removing circuit or a DC controller s 
4A, delay circuits 4B, 4C. 4D, and 4E, multipliers 4F, 4G, 
4H, 41, and 4J, and an adder 4K. 

The DC removing circuit 4 A follows the A/D con- 
verter 3. The delay circuits 4B, 4C, 4D, and 4E are con- 
nected in cascade in that order. The first delay circuit 4B w 
follows the DC removing circuit 4A. The output terminal 
of the DC removing circuit 4A is connected to a first 
input terminal of the multiplier 4F. Also, the output termi- 
nal of the DC removing circuit 4A is connected to the 
control circuit 8. The output terminals of the delay cir- is 
cuits 4B, 4C f 4D P and 4E are connected to first input ter- 
minals of the multipliers 4G, 4H. 41, and 4J, respectively. 
Second input terminals of the multipliers 4F, 4G, 4H, 41, 
and 4J are connected to the control circuit 8. The output 
terminals of the multipliers 4F, 4G, 4H, 41, and 4J are 20 
connected to input terminals of the adder 4K. The out- 
put terminal of the adder 4K is connected to the viterbi 
circuit 5 and also the control circuit 8. 

As shown in Fig. 8, the control circuit 8 includes a 
holding and selecting circuit 8A, multipliers 8B, 8C. 8D, 2s 
8E, and 8F, low pass filters 8G, 8H, 81, 8J, and 8K, a 
provisional determination circuit 8L, and an error calcu- 
lation circuit 8M. 

A first input terminal of the holding and selecting cir- 
cuit 8 A is connected to the output terminal of the DC 30 
removing circuit 4 A within the waveform equalization 
circuit 4. Second and later input terminals of the holding 
and selecting circuit 8A are connected to the output ter- 
minals of the delay circuits 4B, 4C, 4D, and 4E, respec- 
tively. Output terminals of the holding and selecting 35 
circuit 8A are connected to first input terminals of the 
multipliers 8B, 8C, 8D, 8E, and 8F, respectively. The 
holding and selecting circuit 8 A has first and second 
control terminals which are connected to first and sec- 
ond output terminals of the provisional determination 40 
circuit 8L respectively. Second input terminals of the 
multipliers 8B, 8C, 8D, 8E, and 8F are connected to the 
output terminal of the error calculation circuit 8M. The 
output terminals of the multipliers 8B, 8C, 8D, 8E, and 
8F are connected to the input terminals of the low pass 45 
filters 8G, 8H, 81, 8J f and 8K, respectively. The output 
terminals of the low pass filters 8G, 8H, 81, 8J, and 8K 
are connected to the second input terminals of the mul- 
tipliers 4F, 4G, 4H, 41, and 4J within the wavefornrfequal- 
ization circuit 4, respectively. The input terminal of the so 
provisional determination circuit 8L is connected to the 
output terminal of the adder 4K within the waveform 
equalization circuity. The first output terminal of the 
provisional determination circuit 8L is connected to a 
first input terminal of the error calculation circuit 8M. A 55 
third output terminal of the provisional determination cir- 
cuit 8l_ is connected to a second input terminal of the 
error calculation circuit 8M. A third input terminal of the 



error calculation circuit 8M is connected to the output 
terminal of the adder 4K within the waveform equaliza- 
tion circuit 4. 

The DC removing circuit 4A processes the output 
signal of the A/D converter 3 to set a DC level with 
respect thereto. The DC removing circuit 4 A outputs the 
processing-resultant signal to the delay circuit 4B. The 
output signal of the DC removing circuit 4A successively 
passes through the delay circuits 4B, 4C, 4D, and 4E 
while being deferred thereby. Each of the delay circuits 
4B, 4C, 4D, and 4E provides a predetermined delay cor- 
responding to a 1 -sample interval (a 1 -bit-correspond- 
ing interval). The output signal of the DC removing 
circuit 4A is applied to the multiplier 4F. The output sig- 
nals of the delay circuits 4B, 4C. 4D, and 4E are applied 
to the multipliers 4G, 4H, 41, and 4J, respectively. The 
multipliers 4F, 4G, 4H, 41, and 4J receive output signals 
of the control circuit 8 which represent tap coefficients 
respectively. The tap coefficients correspond to the 
waveform equalization coefficients. The device 4F mul- 
tiplies the output signal of the DC removing circuit 4A 
and the related tap coefficient, and outputs the multipli- 
cation-resultant signal to the adder 20. The device 4G 
multiplies the output signal of the delay circuit 4B and 
the related tap coefficient, and outputs the multiplica- 
tion-resultant signal to the adder 20. The device 4H mul- 
tiplies the output signal of the delay circuit 4C and the 
related tap coefficient, and outputs the multiplication- 
resultant signal to the adder 20. The device 41 multiplies 
the output signal of the delay circuit 4D and the related 
tap coefficient, and outputs the multiplication-resultant 
signal to the adder 20. The device 4J multiplies the out- 
put signal of the delay circuit 4E and the related tap 
coefficient, and outputs the multiplication-resultant sig- 
nal to the adder 20. The adder 20 combines the output 
signals of the multipliers 4F f 4G, 4H, 41, and 4J into the 
waveform-equalization-resultant signal. 

The delay circuits 4B, 4C, 4D, and 4E, the multipli- 
ers 4F, 4G, 4H, 41, and 4J, and the adder 4K compose 
the transversal filter. 

The control circuit 8 will be further explained below. 
The provisional determination circuit 8L in the control 
circuit 8 is similar to the provisional determination circuit 
13 in the phase detection circuit 6. The provisional 
determination circuit 8L decides the level of every sam- 
ple of the waveform-equalization-resultant signal (that 
is, the output signal of the adder 20 in the waveform 
equalization circuit 4). The provisional determination cir- 
cuit 8L generates first, second, and third control signals 
depending on the result of the level decision. The provi- 
sional determination circuit 8L outputs the first and sec- 
ond control signals to the holding and selecting circuit 
8 A. The provisional determination circuit 8L outputs the 
first and third control signals to the error calculation cir- 
cuit 8M. 

As shown in Fig. 9, the holding and selecting circuit 
8A includes latches L1 , L2, L3, L4, and L5, and switches 
SW1, SW2, SW3, SW4, and SW5. The latches LI, L2, 
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L3. L4. and L5 receive the first control signal from the L4 is enabled when the first control signal is "1". The 
provisional determination circuit 8L as an enabling sig- latch L4 is disabled when the first control signal is "0". 
nal. The switches SW1, SW2, SW3, SW4, and SW5 The latch L4 serves as a 1 -sample delay circuit when 
receive the second control signal from the provisional being enabled. When the latch L4 is disabled, the signal 
determination circuit 8L as a switch control signal. 5 held by the latch L4 is inhibited from being updated. The 
The latch L1 periodically samples and holds the switch SW4 selects one of the output signal of the latch 
output signal of the DC removing circuit 4A in response L4 and the output signal of the delay circuit 4D in 
to the system clock signal, for example, the output sig- response to the second control signal fed from the pro- 
nal of the voltage controlled oscillator 7 (see Fig. 2). The visional determination circuit 8I_ The switch SW4 trans- 
latch L1 is selectively enabled and disabled in response w mits the selected signal to the multiplier 8E. 
to the first control signal fed from the provisional deter- The latch 15 periodically samples and holds the 
mination circuit 8L For example, the first control signal output signal of the delay circuit 4E in response to the 
has one bit The latch L1 is enabled when the first con- system clock signal. The latch L5 is selectively enabled 
trol signal is "1". The latch L1 is disabled when the first and disabled in response to the first control signal fed 
control signal is "0". The latch LI serves as a. 1 -sample 15 from the provisional determination circuit 8L. The latch 
delay circuit when being enabled. When the latch L1 is L5 is enabled when the first control signal is "1". The 
disabled, the signal held by the latch L1 is inhibited from latch L5 is disabled when the first control signal is "0". 
being updated. The switch SW1 selects one of the out- The latch L5 serves as a 1 -sample delay circuit when 
put signal of the latch L1 and the output signal of the DC being enabled. When the latch L5 is disabled, the signal 
removing circuit 4A in response to the second control 20 held by the latch L5 is inhibited from being updated. The 
signal fed from the provisional determination circuit 8L switch SW5 selects one of the output signal of the latch 
The switch SW1 transmits the selected signal to the L5 and the output signal of the delay circuit 4E in 
multiplier 8B. response to the second control signal fed from the pro- 
The latch L2 periodically samples and holds the visional determination circuit 8L The switch SW5 trans- 
output signal of the delay circuit 4B in response to the 25 mits the selected signal to the multiplier 8R 
system clock signal. The latch L2 is selectively enabled As shown in Fig. 10, the error calculation circuit 8M 
and disabled in response to the first control signal fed includes a switch 420, signal generators 421, 422. and 
from the provisional determination circuit 8L The latch 423, subtracters 424, 425, and 426, and latches 427, 
L2 is enabled when the first control signal is "1". The 428, and 429. First input terminals of the subtracters 
latch L2 is disabled when the first control signal is "0". 30 424, 425, and 426 are connected to the output terminal 
The latch L2 serves as a 1 -sample delay circuit when of the adder 4K within the waveform equalization circuit 
being enabled. When the latch L2 is disabled, the signal 4. Second input terminal of the subtracters 424. 425, 
held by the latch L2 is inhibited from being updated. The and 426 are connected to the output terminals of the 
switch SW2 selects one of the output signal of the latch signal generators 421, 422, and 423, respectively. The 
L2 and the output signal of the delay circuit 4B in 35 output terminal of the subtracter 424 is connected to the 
response to the second control signalled from the pro- input terminal of the latch 427. The output terminal of 
visional determination circuit 8L The switch SW2 trans- the latch 427 is connected to a first fixed contact of the 
mits the selected signal to the multiplier 8C. switch 420. The output terminal of the subtracter 425 is 
The latch L3 periodically samples and holds the connected to the input terminal of the latch 428 and also 
output signal of the delay circuit 4C in response to the 40 a second fixed contact of the switch 420. The output ter- 
system clock signal. The latch L3 is selectively enabled minal of the latch 428 is connected to a third fixed con- 
and disabled in response to the first control signal fed tact of the switch 420. The output terminal of the 
from the provisional determination circuit 8L The latch subtracter 426 is connected to the input terminal of the 
L3 is enabled when the first control signal is "1". The latch 429. The output terminal of the latch 429 is con- 
latch L3 is disabled when the first control signal is "0". 45 nected to a fourth fixed contact of the switch 420. The 
The latch L3 serves as a 1 -sample delay circuit when latches 427, 428, and 429 have enabling terminals con- 
being enabled. When the latch L3 is disabled, the signal nected to the first output terminal of the provisional 
held by the latch L3 is inhibited from being updated. The determination circuit 8L The switch 420 has a control 
switch SW3 selects one of the output signal of the latch terminal. The switch 420 also has a movable contact 
L3 and the output signal of the delay circuit 4C in so which connects with one of the first, second, third, and 
response to the second control signal fed from the pro- fourth fixed contacts in response to a signal applied to 
visional determination circuit 8L. The switch SW3 trans- the control terminal thereof. The control terminal of the 
mits the selected signal to the multiplier 8D. switch 420 is connected to the third output terminal of 

The latch L4 periodically samples and holds the the provisional determination circuit 8L. 

output signal of the delay circuit 4D in response to the 55 The signal generator 421 produces a signal corre- 

system clock signal. The latch L4 is selectively enabled sponding to a predetermined ideal level of "+1 The sig- 

and disabled in response to the first control signal fed nal generator 421 outputs the "+r level signal to the 

from the provisional determination circuit 8L. The latch subtracter 424. The subtracter 424 receives the wave- 
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form-equalization-resultant signal, that is, the output 
signal of the adder 4K within the waveform equalization 
circuit 4. The subtracter 424 generates and outputs a 
signal corresponding to the waveform-equalization- 
resultant signal minus the "+1 " level signal, that is, cor- 5 
responding to the amplitude error (the difference) 
between the waveform-equalization-resultant signal 
and the "+1" level signal. The latch 427 periodically 
samples and holds the output signal of the subtracter 
424 in response to the system clock signal. The latch 10 
427 outputs the held signal to the first fixed contact of 
the switch 420. The latch 427 receives the first control 
signal from the provisional determination circuit 8L as 
an enabling signal. The latch 427 is selectively enabled 
and disabled in response to the enabling signal fed from 15 
the provisional determination circuit 8L The latch 427 is 
enabled when the enabling signal is "1 The latch 427 
is disabled when the enabling signal is "0". The latch 
427 serves as a 1 -sample delay circuit when being ena- 
bled. When the latch 427 is disabled, the signal held by 2 o 
the latch 427 is inhibited from being updated. 

The signal generator 422 produces a signal corre- 
sponding to a predetermined ideal level of "0". The sig- 
nal generator 422 outputs the M 0 H level signal to the 
subtracter 425. The subtracter 425 receives the wave- 25 
form-equalization-resultant signal, that is, the output 
signal of the adder 4K within the waveform equalization 
circuit 4. The subtracter 425 generates and outputs a 
signal corresponding to the waveform-equalization- 
resultant signal minus the "0" level signal, that is, corre- 30 
sponding to the amplitude error (the difference) 
between the waveform-equalization-resultarrt signal 
and the "0" level signal. The output signal of the sub- 
tracter 425 is applied to the latch 428 and also the sec- 
ond fixed contact of the switch 420. The latch 428 35 
periodically samples and holds the output signal of the 
subtracter 425 in response to the system clock signal. 
The latch 428 outputs the held signal to the third fixed 
contact of the switch 420. The latch 428 receives the 
first control signal from the provisional determination cir- 40 
cuit 8L as an enabling signal. The latch 428 is selec- 
tively enabled and disabled in response to the enabling 
signal fed from the provisional determination circuit 8L 
The latch 428 is enabled when the enabling signal is "1 
The latch 428 is disabled when the enabling signal is 45 
"0". The latch 428 serves as a 1 -sample delay circuit 
when being enabled. When the latch 428 is disabled, 
the signal held by the latch 428 is inhibited from being 
updated. 

The signal generator 423 produces a signal corre- so 
sponding to a predetermined ideal level of The sig- 
nal generator 423 outputs the "-r level signal to the 
subtracter 426. The subtracter 426 receives the wave- 
form-equalization-resultant signal, that is, the output 
signal of the adder 4K within the waveform equalization 55 
circuit 4. The subtracter 426 generates and outputs a 
signal corresponding to the waveform-equalization- 
resultant signal minus the level signal, that is, corre- 



sponding to the amplitude error (the difference) 
between the wavefbrm-equalization : resultant signal 
and the "-1 " level signal. The latch 429 periodically sam- 
ples and holds the output signal of the subtracter 426 in 
response to the system clock signal. The latch 429 out- 
puts the held signal to the fourth fixed contact of the 
switch 420. The latch 429 receives the first control sig- 
nal from the provisional determination circuit 8L as an 
enabling signal. The latch 429 is selectively enabled 
and disabled in response to the enabling signal fed from 
the provisional determination circuit 8L The latch 429 is 
enabled when the enabling signal is "1". The latch 429 
is disabled when the enabling signal is "0". The latch 
429 serves as a 1 -sample delay circuit when being ena- 
bled. When the latch 429 is disabled, the signal held by 
the latch 429 is inhibited from being updated. 

The movable contact of the switch 420 connects 
with one of the first, second, third, and fourth fixed con- 
tacts thereof in response to the third control signal (the 
switch control signal) outputted from the provisional 
determination circuit 8L. Thus, the switch 420 selects 
one of the output signals of the devices 425, 427, 428, 
and 429 in response to the switch control signal. The 
switch 420 transmits the selected signal to the multipli- 
ers 8B t 8C, 80, 8E, and 8F as an amplitude error signal. 

The operation of the provisional determination cir- 
cuit 8L and also the operation of the error calculation cir- 
cuit 8M will be further explained. The provisional 
determination circuit 8L generates the control signal for 
the switch 420 within the error calculation circuit 8M. 
The control signal for the switch 420 can be changed 
among four different states. The first state of the control 
signal corresponds to a condition where at the present 
sampling moment, the level of a signal sample at a sam- 
pling moment immediately preceding the present sam- 
pling moment is decided to be "+1". In this case, the 
switch 420 is controlled to select the output signal of the 
latch 427. The second state of the control signal corre- 
sponds to a condition where at the present sampling 
moment, the level of a signal sample at a sampling 
moment immediately preceding the present sampling 
moment is decided to be "0". In this case, the switch 420 
is controlled to select the output signal of the latch 428. 
The third state of the control signal corresponds to a 
condition where at the present sampling moment, the 
level of a signal sample at a sampling moment immedi- 
ately preceding the present sampling moment is 
decided to be "-1 In this case, the switch 420 is control- 
led to select the output signal of the latch 429. The 
fourth state of the control signal corresponds to a condi- 
tion where at the present sampling moment, the level of 
a signal sample at a sampling moment immediately pre- 
ceding the present sampling moment remains unde- 
cided while the level of a signal sample at the present 
sampling moment is decided to be "0". In this case, the 
switch 420 is controlled to select the output signal of the 
subtracter 425. 

With reference to Fig. 7, at the moment (1), the level 
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of the present signal sample is undecided. It is expected 
that the level of the present signal sample is "0" or "+1". 
At the moment (2), the level of the present signal sam- 
ple exceeds the reference value in the negative direc- 
tion so that the level of the signal sample at the moment 5 
(1) is decided to be "+r. At this time, the switch 420 
selects the output signal of the latch 427 in response to 
the switch control signal outputted from the provisional 
determination circuit 8L. 

If the level of the present signal sample does not w 
exceed the reference level in the negative direction and 
is close to "0" at the moment (2), the level of the signal 
sample at the moment (1) remains undecided while the 
level of the present signal sample is decided to be "0". 
In this case, the switch 420 selects the output signal of is 
the subtracter 425 in response to the switch control sig- 
nal outputted from the provisional determination circuit 
8L. 

If the level of the present signal sample does not 
exceed the reference level in the negative direction and 20 
is close to H +1 " at the moment (2), the level of the signal 
sample at the moment (1) is decided to be "0". In this 
case, the switch 420 selects the output signal of the 
latch 428 in response to the switch control signal output- 
ted from the provisional determination circuit 8L 25 

In the case where the level of a signal sample at a 
sampling moment immediately preceding the present 
sampling moment is decided to be "-1", the switch 420 
selects the output signal of the latch 429 in response to 
the switch control signal outputted from the provisional 30 
determination circuit 8L 

The operation of the provisional determination cir- 
cuit 8L and also the operation of the holding and select- 
ing circuit 8A will be further explained. The provisional 
determination circuit 8L generates the control signal for 35 
the switches SW1, SW2, SW3, SW4, and SW5 within 
the holding and selecting circuit 8A. The control signal 
for the switches SW1, SW2, SW3, SW4, and SW5 can 
be changed between two different states. The first state 
of the control signal corresponds to a condition where at 40 
the present sampling moment the level of a signal sam- 
ple at a sampling moment immediately preceding the 
present sampling moment is decided to be H +1", "0", or 
In this case, the switches SW1, SW2, SW3, SW4, 
and SW5 are controlled to select the output signals of 45 
the latches LI. L2. L3, L4, and L5. Thus, when the 
switch 420 selects one of the output signals of the 
latches 427, 428, and 429 in the error calculation circuit 
8M, the switches SW1, SW2, SW3, SW4, and SW5 
select the output signals of the latches L1. L2, L3, L4, so 
and L5. The second state of the control signal corre- 
sponds to a condition where at the present sampling 
moment, the level of a signal sample at a sampling 
moment immediately preceding the present sampling 
moment remains undecided while the level of a signal 55 
sample at the present sampling moment is decided to 
be "0". In this case, the switches SW1, SW2, SW3, 
SW4, and SW5 are controlled to select the output sig- 



nals of the devices 4A, 4B, 4C, 4D, and 4E. Thus, when 
the switch 420 selects the output signal of the subtracter 
425 in the error calculation circuit 8M, the switches 
SW1 . SW2, SW3. SW4. and SW5 select the output sig- 
nals of the devices 4A, 4B, 4C. 4D, and 4E. 

In the control circuit 8 of Fig. 8, the devices 8B, 8C. 
8D t 8E, and 8F multiply the respective output signals of 
the holding and selecting circuit 8A by the amplitude 
error signal fed from the error calculation circuit 8M. The 
multipliers 8B, 8C, 8D, 8E, and 8F output the multiplica- 
tion-resultant signals to the low pass filters 8G. 8H, 8 1. 
8J. and 8K. respectively. The low pass filters 8G, 8H. 81. 
8J. and 8K process the output signals of the multipliers 
8B, 8C, 8D, 8E, and 8F into signals representing the tap 
coefficients, respectively. The low pass filters 8G. 8H. 
8I ( 8J, and 8K output the tap coefficient signals to the 
multipliers 4F, 4G, 4H, 4 1, and 4J within the waveform 
equalization circuit 4, respectively 

Experiments were carried out. During the experi- 
ments, an analog signal representing a digital informa- 
tion signal which had conditions shown in Fig. 11 was 
inputted into the automatic equalization system of Fig. 
2. In Fig. 1 1 , the abscissa denotes sampling moments 
arranged in time domain, and the ordinate denotes the 
levels of signal samples. The input analog signal was 
processed by the automatic equalization system of Fig. 
2 into a waveform-equalization-resultant signal which 
appeared at the output terminal of the wayeform equal- 
ization circuit 4. Fig. 12 shows conditions of the wave- 
form-equalization-resultant signal. In Fig. 12, the 
abscissa denotes sampling moments arranged in time 
domain, and the ordinate denotes the levels of signal 
samples. As shown in Fig. 12, samples of the wave- 
form-equal ization-resultarrt signal converged on three 
different levels corresponding to "0", and "-1". 

Fig. 18 shows an example of the provisional deter- 
mination circuit 13 in Fig. 3. The provisional determina- 
tion circuit 13 of Fig. 18 includes a matrix circuit 13A, 
latches 13B, 13C, 13D, and 13E, and signal generators 
1 3F and 1 3G. The matrix circuit 1 3A has input terminals 
IN1, IN2, IN3, 1N4. and INS, and output terminals 
OUT1, OUT2, and OUT3. The input terminal IN1 of the 
matrix circuit 1 3 A is connected to the output terminal of 
the delay circuit 11. Also, the input terminal of the latch 
13E is connected to the output terminal of the delay cir- 
cuit 11. The input terminals IN4 and IN5 of the matrix 
circuit 13A are connected to the output terminals of the 
signal generators 13F and 13G, respectively. The out- 
put terminals OUT1 , OUT2, and OUT3 of the matrix cir- 
cuit 13A are connected to the input terminals of the 
latches 13B, 13C, and 13D, respectively 

As shown in Fig. 18, the switch 144 includes first 
and second sub switches 144A and 144B. The output 
terminal of the latch 13B is connected to a control termi- 
nal of the sub switch 144B. The output terminal of the 
latch 13C is connected to the enabling terminal of the 
latch 145. The output terminal of the latch 13D is con- 
nected to the input terminal IN3 of the matrix circuit 13A 
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and a control terminal of the sub switch 144A. The latch 
13D has an enabling terminal connected to the output 
terminal OUT1 of the matrix circuit 13A. The output ter- 
minal of the latch 13E is connected to the input terminal 
IN2 of the matrix circuit 13A. The latch 13E has an ena- 
bling terminal connected to the output terminal OUT2 of 
the matrix circuit 13 A. 

The signal generator 13F outputs a signal to the 
input terminal IN4 of the matrix circuit 13A which repre- 
sents a predetermined positive threshold value (a posi- 
tive reference value) TH. The signal generator 13G 
outputs a signal to the input terminal IN5 of the matrix 
circuit 1 3A which represents a predetermined negative 
threshold value (a negative reference value) -TH. 

Now, the character 1n1" denotes the value repre- 
sented by the signal applied to the input terminal IN1 of 
the matrix circuit 13A, that is, the output signal of the 
delay circuit 1 1 . The character "in2" denotes the value 
represented by the signal applied to the input terminal 
IN2 of the matrix circuit 13A, that is, the output signal of 
the latch 13E. The character w in3" denotes the logic 
state of the signal applied to the input terminal IN3 of 
the matrix circuit 13A, that is, the output signal of the 
latch 13D. The character "out 1 " denotes the logic state 
of a signal which appears at the output terminal OUT1 
of the matrix circuit 13A. The character "out2" denotes 
the logic state of a signal which appears at the output 
terminal OUT2 of the matrix circuit 13 A. The character 
"out3" denotes the logic state of a signal which appears 
at the output terminal OUT3 of the matrix circuit 13 A. 

The matrix circuit 13A is designed to provide the fol- 
lowing relation among signals inputted thereto and sig- 
nals outputted therefrom. In the case where "in3" is "1 " 
and "in1 "<"in2", "out1 " is "0" and "out2" is "1 ", and "out3" 
is "Qn-r indicating a logic state equal to that available 
in the immediately-preceding sample interval. In the 
case where "in3" is "1" and "inr>"in2" + TH, "outr is 
"1 " and "out2" is "1". and "out3" is "0". In the case where 
"in3" is "1" and "In2"=i"inr£rin2" + TH, "outr is "0" and 
"out2 M is "0", and H out3" is "Qn-r. In the case where 
"in3" is "0" and "in1 ">"in2", "out1 " is "0" and "out2" is"1 ", 
and "out3" is "Qn-1". In the case where "in3" is "0" and 
"inr<"in2" -TH, "outr is "rand "out2" is "1 and "out3" 
is "1". In the case where "in3" is "0" and 
"in2"*"inri*"in2" - TH, "outr is "0" and "out2" is "0", 
and "out3" is "Qn-1". 

The latch 13B receives the signal from the output 
terminal OUT1 of the matrix circuit 13A, and periodically 
samples and holds the received signal in response to 
the system clock signal. The latch 13B serves as a 1- 
sample delay circuit. The output signal from the latch 
13B is applied to the control terminal of the sub switch 
144B. _ _ _ . . ___ ^ 

The latch 13C receives the signal from the output 
terminal OUT2 of the matrix circuit 13A, and periodically 
samples and holds the received signal in response to 
the system clock signal. The latch 13C serves as a 1- 
sample delay circuit. The output signal from the latch 



13C is applied to the enabling terminal of the latch 145. 

The latch 13D receives the signal from the output 
terminal OUT3 of the matrix circuit 13 A, and periodically 
samples and holds the received signal in response to 
5 the system clock signal. The latch 1 3D receives the sig- 
nal from the output terminal OUT1 of the matrix circuit 
13A as an enabling signal. The latch 13D is selectively 
enabled and disabled in response to the enabling sig- 
nal. In general, the latch 13D is enabled when the ena- 
io bling signal is "1". The latch 13D is disabled when the 
enabling signal is "0". The latch 13D serves as a 1 -sam- 
ple delay circuit when being enabled. When the latch 
13D is disabled, the signal held by the latch 13D is 
inhibited from being updated. The output signal of the 
is latch 13D is applied to the control terminal of the sub 
switch 144A and also the input terminal IN3 of the 
matrix circuit 13A. 

The latch 13E receives the output signal of the 
delay circuit 11, and periodically samples and holds the 
20 received signal in response to the system clock signal. 
The latch 13E receives the signal from the output termi- 
nal OUT2 of the matrix circuit 1 3A as an enabling signal. 
The latch 13E is selectively enabled and disabled in 
response to the enabling signal. In general, the latch 
25 13E is enabled when the enabling signal is "1". The 
latch 13E is disabled when the enabling signal is "0". 
The latch 13E serves as a 1 -sample delay circuit when 
being enabled. When the latch 13E is disabled, the sig- 
nal held by the latch 13E is inhibited from being 
30 updated. The output signal of the latch 1 3E is applied to 
the input terminal IN2 of the matrix circuit 13A. 

Input sides of the sub switch 1 44A are connected to 
the output terminals of the inverter 142 and the latch 
145, respectively. The output side of the sub switch 
35 144A is connected to an input side of the sub switch 
1 44B. Another input side of the sub switch 1 44B is con- 
nected to the output terminal of the signal generator 
143. The sub switch 144A selects one of the output sig- 
nal of the inverter 142 and the output signal of the latch 
40 145 in response to the output signal of the latch 13D. 
Specifically, the sub switch 144A selects the output sig- 
nal of the inverter 142 when the output signal of the 
latch 1 3D is "1". The sub switch 144A selects the output 
signal of the latch 145 when the output signal of the 
45 latch 13D is "0". The sub switch 144 A transmits the 
selected signal to the sub switch 144B. The sub switch 
144B selects one of the output signal of the sub switch 
144A and the output signal of the signal generator 143 
in responseTo the output signal of the latch 13B. Specif- 
50 ically, the sub switch 144B selects the output signal of 
the sub switch 144A when the output signal of the latch 
13B is M r. The sub switch 144B selects the output sig- 
nal of the signal generator 143 when the output signal of 
the latch 13B is "0". The sub switch 144B transmits the 
55 selected signal to the D/A converter 1 5. 

Fig. 19 shows an example of the provisional deter- 
mination circuit 8L in Fig. 8. The provisional determina- 
tion circuit 8L of Fig. 19 includes a matrix circuit 8P, 
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latches 8Q and 8R. an OR gate 8S. and signal genera- 
tors 8T and 8U. The matrix circuit 8P has input terminals 
INI , IN2, IN3, IN4, and INS, and output terminals OUT1. 
OUT2, OUT3, and OUT4. The input terminal IN1 of the 
matrix circuit 8P is connected to the output terminal of 
the waveform equalization circuit 4. Also, the input ter- 
minal of the latch 8R is connected to the output terminal 
of the waveform equalization circuit 4. The input termi- 
nals IN4 and INS of the matrix circuit 8P are connected 
to the output terminals of the signal generators 8T and 
8U, respectively. The output terminal OUT1 of the 
matrix circuit 8P is connected to an enabling terminal of 
the latch 8Q. The output terminal OUT2 of the matrix 
circuit 8P is connected to an enabling terminal of the 
latch 8R and also enabling terminals of the latches 427, 
428, and 429. Furthermore, the output terminal OUT2 
of the matrix circuit 8P is connected to the enabling ter- 
minals of the latches L1-L5 within the holding and 
selecting circuit 8A. The output terminal OUT3 of the 
matrix circuit 8P is connected to the input terminal of the 
latch 8Q. The output terminal of the latch 8Q is con- 
nected to the input terminal IN3 of the matrix circuit 8R 
The output terminal of the latch 8R is connected to the 
input terminal IN2 of the matrix circuit 8P 

The output terminal OUT4 of the matrix circuit 8P 
has two bits connected to the control terminal of the 
switch 420. The two bits of the output terminal OUT4 of 
the matrix circuit 8P are connected to two input termi- 
nals of the OR gate 8S, respectively. The output termi- 
nal of the OR gate 8S is connected to the control 
terminals of the switches SW1-SW5 within the holding 
and selecting circuit 8A. 

The signal generator 8T outputs a signal to the 
input terminal IN4 of the matrix circuit 8P which repre- 
sents a predetermined positive threshold vajue (a posi- 
tive reference value) TH. The signal generator 8U 
outputs a signal to the input terminal INS of the matrix 
circuit 8P which represents a predetermined negative 
threshold value (a negative reference value) -TH, 

Now, the character w in1 " denotes the value repre- 
sented by the signal applied to the input terminal IN1 of 
the matrix circuit 8P, that is, the output signal of the 
waveform equalization circuit 4. The character "in2" 
denotes the value represented by the signal applied to 
the input terminal IN2 of the matrix circuit 8P, that is, the 
output signal of the latch 8R. The character "in3" 
denotes the logic state of the signal applied to the input 
terminal IN3 of the matrix circuit 8P, that is, the output 
signal of the latch 8Q. The character n out1 " denotes the 
logic state of a signal which appears at the output termi- 
nal OUT1 of the matrix circuit 8R The character "out2" 
denotes the logic state of a signal which appears at the 
output terminal OUT2 of the matrix circuit 8P. The char- 
acter "out3" denotes the logic state of a signal which 
appears at the output terminal OUT3 of the matrix cir- 
cuit 8R The character "out4" denotes the logic state of a 
signal which appears at the output terminal OUT4 of the 
matrix circuit 8R 



The matrix circuit 8P is designed to provide the fol- 
lowing relation among signals inputted thereto and sig- 
nals outputted therefrom. In the case where "in3" is "1" 
and "inr<"in2", "out1 " is "0" and "out2" is "1", and "out4" 
5 is "10" and "out3" is "Qn-1 " indicating a logic state equal 
to that available in the immediately-preceding sample 
interval. In the case where 1n3" is "1" and "in1 Vin2" + 
TH, "outr is "1" and "out2" is "1", and *out4" is 1 1 and 
"out3" is "0". In the case where "in3" is " 1" and 
w "in2"^"in1"^"in2" + TN, "outl" is "0" and "out2" is "0", 
and "out4" is "00" and "out3" is "Qn-T. In the case 
where "in3" is "0" and "in1Vin2", "outr is "0" and 
"out2" is "1". and "out4" is "10" and "out3 M is "Qn-1". In 
the case where "in3" is "0" and "in1Vin2" - TH, "out1" 
75 is "1" and "out2" is "1", and "out4" is "01" and "out3" is 
"1". In the case where n in3" is "0" and "in2"^"in1"^"in2" 
- TH, "outl" is "0" and "out2" is "0", and "out4" is "00" 
and *out3" is "Qn-1". ; 

The latch 8Q receives the signal from the output 
20 terminal OUT3 of the matrix circuit 8P, and periodically 
samples and holds the received signal in response to 
the system clock signal. The latch 8Q receives the sig- 
nal from the output terminal OUT1 of the matrix circuit 
8P as an enabling signal. The latch 8Q is selectively 
25 enabled and disabled in response to the enabling sig- 
nal. In general, the latch 8Q is enabled when the ena- 
bling signal is "1". The latch 8Q is disabled when the 
enabling signal is "0". The latch 8Q serves as a 1 -sam- 
ple delay circuit when being enabled. When the latch 8Q 
30 is disabled, the signal held by the latch 8Q is inhibited 
from being updated. The output signal of the latch 8Q is 
applied to the input terminal IN3 of the matrix circuit 8P. 

The latch 8R receives the output signal of the wave- 
form equalization circuit 4, and periodically samples and 
35 holds the received signal in response to the system 
clock signal. The latch 8R receives the signal from the 
output terminal OUT2 of the matrix circuit 8P as an ena- 
bling signal. The latch 8R is selectively enabled and dis- 
abled in response to the enabling signal. In general, the 
40 latch 8R is enabled when the enabling signal is "1 The 
latch 8R is disabled when the enabling signal is "0". The 
latch 8R serves as a 1 -sample delay circuit when being 
enabled. When the latch 8R is disabled, the signal held 
by the latch 8R is inhibited from being updated. The out- 
45 put signal of the latch 8R is applied to the input terminal 
IN2 of the matrix circuit 8R 

The signal from the output terminal OUT2 of the 
matrix circuit 8P is fed to the latches 427, 425, and 429 
as an enabling signal. Also, the signal from the output 
so terminal OUT2 of the matrix circuit 8P is fed to the 
latches L1 -L5 within the holding and selecting circuit 8A. 

The signal from the output terminal OUT4 of the 
matrix circuit 8P is fed to the switch 420 as a switch con- 
trol signal. When the switch control signal is "01", the 
55 switch 420 is controlled to select the output signal of the 
latch 429. When the switch control signal is "10", the 
switch 420 is controlled to select the output signal of the 
latch 428. When the switch control signal is "11". the 
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switch 420 is controlled to select the output signal of the 
latch 427. When the switch control signal is "00". the 
switch 420 is controlled to select the output signal of the 
subtracter 425 (see Fig. 10). 

The two bits of the signal from the output terminal 5 
OUT4 of the matrix circuit 8P are applied to the input 
terminals of the OR gate 85, respectively. The device 85 
implements OR operation between the two bits of the 
signal from the output terminal OUT4 of the matrix cir- 
cuit 8R The OR gate 8S outputs the resultant signal to fo 
the control terminals of the switches SW1 -SW5 within 
the holding and selecting circuit 8A. When the output 
signal of the OR gate 8S is "1 the switches SW1 -SW5 
select the output signals of the latches L1 -L5. When the 
output signal of the OR gate 8S is "0", the switches is 
SW1-SW5 select the output signals of the devices 4A- 
4E. 

Second Embodiment 

20 

Fig. 13 shows a noise reduction circuit according to 
a second embodiment of this invention. The noise 
reduction circuit of Fig. 13 includes an equalization cir- 
cuit 601 , a delay circuit 602, a provisional determination 
circuit 603, an NR calculation circuit 604, a pattern 25 
search circuit 605, and shift registers 606 and 607. 

The input terminal of the equalization circuit 601 is 
connected to a magnetic head 601 B via a preamplifier 
60 1C. The magnetic head 601 B scans a magnetic tape 
601 A. It should be noted that a low pass filter may be 30 
provided between the preamplifier 601 C and the equal- 
ization circuit 601. The output terminal of the equaliza- 
tion circuit 601 is connected to the input terminal of the 
delay circuit 602 and also the input terminal of the pro- 
visional determination circuit 603. In addition, the output 35 
terminal of the equalization circuit 601 is connected to 
the shift register 607. The output terminal of the delay 
circuit 602 is connected to a first input terminal of the 
NR calculation circuit 604. A second input terminal of 
the NR calculation circuit 604 is connected to the shift 40 
register 607. The output terminal of the NR calculation 
circuit 604 is connected to the shift register 607. Also, 
the output terminal of the NR calculation circuit 604 is 
connected to an external device (not shown) such as a 
viterbi circuit. The output terminal of the provisional 45 
determination circuit 603 is connected to the pattern 
search circuit 605 and the shift register 606. The pattern 
search circuit 605 is connected to the shift registers 606 
and 60/. 

The magnetic tape 601 A stores a signal including a so 
digital information signal (for example, a digital 
video/audio signal). The signal stored in the magnetic 
tape 601 A- conforms to a partial response format such 
as a PR(1, 0, -1) format. The magnetic head 601 B 
reproduces the signal from the magnetic tape 601 A. 55 
The reproduced signal is fed from the magnetic head 
601 B to the equalization circuit 601 via the preamplifier 
601 C as an input analog signal representing a digital 



information signal. It should be noted that a signal rep- 
resenting a digital information signal and being transmit- 
ted via a transmission line may be applied to the 
equalization circuit 601 as an input signal. 

The input analog signal is subjected to equalization 
by the equalization circuit 601 . The equalization circuit 
601 is of a digital type. Thus, the equalization circuit 601 
includes an analog : to-digital (A/D) converter which 
processes the input analog signal. The output signal of 
the equalization circuit 601, that is, the equalization- 
resultant signal, is fed to the delay circuit 602, the provi- 
sional determination circuit 603, and the shift register 
607. 

The provisional determination circuit 603 is similar 
to the provisional determination circuit 13 in Figs. 3 and 
1 8 or the provisional determination circuit 8L in Figs. 8 
and 19. The provisional determination circuit 603 
decides whether the level of every sample of the output 
signal of the equalization circuit 601 corresponds to "1", 
"0", or M When the level of a sample of the output sig- 
nal of the equalization circuit 601 corresponds to "1", 
the provisional determination circuit 603 outputs a pre- 
determined ideal "1 " signal to the pattern search circuit 
605 and the shift register 606. When the level of a sam- 
ple of the output signal of the equalization circuit 601 
corresponds to "0", the provisional determination circuit 
603 outputs a predetermined ideal "0" signal to the pat- 
tern search circuit 605 and the shift register 606. When 
the level of a sample of the output signal of the equali- 
zation circuit 601 corresponds to n -V t the provisional 
determination circuit 603 outputs a predetermined ideal 
"-1 M signal to the pattern search circuit 605 and the shift 
register 606. 

The shift register 606 stores a first predetermined 
number of successive samples (bits or 1 -bit-corre- 
sponding segments) of the output signal from the provi- 
sional determination circuit 603. The pattern search 
circuit 605 includes a shift register which stores a sec- 
ond predetermined number of successive samples (bits 
or 1 -bit-corresponding segments) of the output signal 
from the provisional determination circuit 603. The sec- 
ond predetermined number is significantly smaller than 
the first predetermined number. The pattern of bits 
stored in the shift register within the pattern search cir- 
cuit 605 is referred to as the current bit pattern. The pat- 
tern search circuit 605 includes a comparator which 
implements a pattern comparing process to search the 
bit sequence in the shift register 606 for a past bit pat- 
tern equal to or correlating to the current bit pattern. 
When the pattern search circuit 605 finds such a past bit 
pattern in the shift register 606, the pattern search cir- 
cuit 605 outputs a pattern match signal to the shift reg- 
ister 607; The^pattern itiatch signal represents the" 
address (the position) of a temporally central signal 
sample among the signal samples representing the pre- 
viously-indicated past bit pattern in the shift register 
606. 

The shift register 607 stores the first predetermined 
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number of successive samples (bits or 1 -bit-corre- 
sponding segments) of the output signal from the equal- 
ization circuit 601. The signal samples in the shift 
register 607 correspond in time position and address to 
the signal samples in the shift register 606. To provide 5 
this timing agreement, a delay circuit may be provided 
between the equalization circuit 601 and the shift regis- 
ter 607. As will explained later, each signal sample in 
the shift register 607 is replaced by a correction-result- 
ant signal sample. When the shift register 607 receives w 
the pattern match signal from the pattern search circuit 
605, a signal sample corresponding to the address rep- 
resented by the pattern match signal is read out from 
the shrft register 607 and is fed to the NR calculation cir- 
cuit 604. In the absence of the pattern match signal fed 75 
to the shift register 607, the latest signal sample is 
transmitted from the shift register 607 to the NR calcula- 
tion circuit 604. 

The delay circuit 602 defers the output signal of the 
equalization circuit 601 by a time corresponding to the 20 
signal delay caused by the combination of the devices 
603, 605, 606. and 607. The delay circuit 602 outputs 
the deferred signal to the NR calculation circuit 604. The 
delay circuit 602 provides a timing agreement between 
a signal sample fed to the NR calculation circuit 604 25 
from the delay circuit 602 and a signal sample fed to the 
NR calculation circuit 604 from the shift register 607. 

As shown in Fig. 14, the NR calculation circuit 604 
includes a subtracter 641 , a limiter 642, an attenuator 
643, and a subtracter 644. A first input terminal of the 30 
subtracter 641 is connected to the output terminal of the 
delay circuit 602. Also t a first input terminal of the sub- 
tracter 644 is connected to the output terminal of the 
delay circuit 602. A second input terminal of the sub- 
tracter 641 is connected to the shift register-607. The 35 
output terminal of the subtracter 641 is connected to the 
input terminal of the limiter 642. The output terminal of 
the limiter 642 is connected to the input terminal of the 
attenuator 643. The output terminal of the attenuator 
643 is connected to a second input terminal of the sub- 40 
tracter 644. The output terminal of the subtracter 644 is 
connected to the shift register 607 and also the external 
device (not shown). 

The subtracter 641 receives the output signal of the 
delay circuit 602. Also, the subtracter 641 receives the 45 
output signal of the shift register 607. The subtracter 

641 generates and outputs a signal corresponding to 
the output signal of the delay circuit 602 minus the out- 
put signal of the shift register 607, that is, corresponding 

to the difference between the output signal of the delay so 
circuit 602 and the output signal of the shift register 607. 
The output signal of the subtracter 641 represents noise 
components of the output signal of the delay circuit 602. 
The limiter 642 receives the output signal of the sub- 
tracter 641 . The limiter 642 subjects the output signal of 55 
the subtracter 641 to processing which corresponds to 
limiting an amplitude to within a given range. The limiter 

642 outputs the resultant signal to the attenuator 643. 



The attenuator 643 subjects the output signal of the lim- 
iter 642 to processing which corresponds to attenuation 
at a given rate. The attenuator 643 outputs the attenua- 
tion-resultant signal to the subtracter 644 as a correc- 
tive signal. The subtracter 644 receives the output 
signal of the delay circuit 602. The subtracter 644 gen- 
erates a correction-resultant signal which corresponds 
to the output signal of the delay circuit 602 minus the 
corrective signal fed from the attenuator 643, that is. 
which corresponds to the difference between the output 
signal of the delay circuit 602 and the corrective signal 
fed from the attenuator 643. Thereby, the subtracter 644 
operates to reduce or suppress noise components of 
the output signal of the delay circuit 602. The correction- 
resultant signal is outputted from the subtracter 644 to 
the shift register 607 and the external device (not 
shown). 

In the shift register 607, every signal sample of the 
output signal (the correction-resultant signal) of the sub- 
tracter 644 replaces a corresponding signal sample of 
the output signal of the equalization circuit 601 . In other 
words, every signal sample of the output signal (the cor- 
rection-resultant signal) of the subtracter 644 is written 
over a corresponding signal sample of the output signal 
of the equalization circuit 601 to implement updating. 

Experiments were carried out. During the experi- 
ments, an analog signal representing a digital informa- 
tion signal which had conditions shown in Fig. 15 was 
inputted into the noise reduction circuit of Fig. 13. In Fig. 
15, the abscissa denotes sampling moments arranged - 
in time domain, and the ordinate denotes the levels of 
signal samples. Under the conditions shown in Fig. 15, 
signal level separation was poor during intervals aa1 , 
aa2, and aa3 while signal level separation was good 
during intervals bbl and bb2. The input analog signal 
was processed by the noise reduction circuit of Fig. 13 
into a correction-resultant signal which appeared at the 
output terminal of the NR calculation circuit 604. Fig. 16 
shows conditions of the correction-resultant signal. In 
Fig. 16, the abscissa denotes sampling moments 
arranged in time domain, and the ordinate denotes the 
levels of signal samples. As shown in Fig. 16, samples 
of the correction-resultant signal converged on three dif- 
ferent levels corresponding to "+1 "0", and "-1 

Third Embodiment 

Fig. 1 7 shows a noise reduction circuit according to 
a third embodiment of this invention. The noise reduc- 
tion circuit of Fig. 1 7 is similar to the noise reduction cir- 
cuit of Fig. 13 except for a design change indicated 
hereinafter. 

In the noise reduction circuit of Fig. 17, the provi- 
sional determination circuit 603 is directly connected to 
the NR calculation circuit 604. The first input terminal of 
the subtracter 641 (see Fig. 14) within the NR calcula- 
tion circuit 604 receives the output signal of the delay 
circuit 602 while the second input terminal of the sub- 
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tracter 641 receives the output signal of the provisional 
determination circuit 603. * 

An automatic equalization system includes an ana- 
log-to-digital converter for periodically sampling an ana- 
log signal representative of digital information in 5 
response to a sampling clock signal, and for converting 
every sample of the analog signal into a corresponding 
digital sample to convert the analog signal into a corre- 
sponding digital signal. A first device operates for 
detecting a phase error of the sampling clock signal in w 
response to a correlation between samples of the digital 
signal generated by the analog-to-digital converter. A 
second device operates for controlling a frequency of 
the sampling clock signal in response to the phase error 
detected by the first device. A variable filter operates for 15 
subjecting the digital signal generated by the analog-to- 
digital converter to a variable filtering process to convert 
the digital signal generated by the analog-to-digital con- 
verter into a filtering-resultant signal. The filtering proc- 
ess corresponds to a waveform equalization process. A 20 
third device operates for detecting an amplitude error of 
the digital signal generated by the analog-to-digital con- 
verter in response to a correlation between samples of 
the filtering-resultant signal generated by the variable 
filter. A fourth device operates for controlling the filtering 25 
process implemented by the variable filter in response 
to the amplitude error detected by the third device. The 
analog-to-digital converter, the first device, and the sec- 
ond device compose a phase locked loop while the var- 
iable filter, the third device, and the fourth device 30 
compose an amplitude error correcting loop separate 
from the phase locked loop. 

Claims 

1 . An automatic equalization system comprising: 

an analog-to-digital converter for periodically 
sampling an analog signal representative of 
digital information in response to a sampling 
clock signal, and for converting every sample of 
the analog signal into a corresponding digital 
sample to convert the analog signal into a cor- 
responding digital signal; 
first means for detecting a phase error of the 
sampling clock signal in response to a correla- 
tion between samples of the digital signal gen- 
erated by the analog-to-digital converter; 
second means lor controlling a frequency of 
the sampling clock signal in response to the 
phase error detected by the first means; 
a variable filter for subjecting the digital signal 
generated by the analog-to-digital converter to 
a variable filtering process to convert the digital 
signal generated by the analog-to-digital con- 55 
verter into a filtering-resultant signal, the filter- 
ing process corresponding to a waveform 
equalization process; 
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third means for detecting an amplitude error of 
the digital signal generated by the analog-to- 
digital converter in response to a correlation 
between samples of the filtering-resultant sig- 
nal generated by the variable filter; and 
fourth means for controlling the filtering proc- 
ess implemented by the variable filter in 
response to the amplitude error detected by the 
third means; 

wherein the analog-to-digital converter, 
the first means, and the second means com- 
pose a phase locked loop while the variable fil- 
ter, the third means, and the fourth means 
compose an amplitude error correcting loop 
separate from the phase locked loop. 

An automatic equalization system as recited in 
claim 1 , wherein the first means comprises means 
for detecting the phase error in response to three 
successive samples of the digital signal generated 
by the analog-to-digital converter. 

3. An automatic equalization system as recited in 
claim 1, wherein the phase error of the sampling 
clock signal which is detected by the first means is 
defined relative to the analog signal. 

4. An automatic equalization system as recited in 
claim 1 , wherein the first means comprises means 
for comparing a level of every sample of the digital 
signal generated by the analog-to-digital converter 
with a reference level, means for adaptiveJy chang- 
ing the reference level in response to the digital sig- 
nal generated by the analog-to-digital converter, 
and means for detecting the phase error in 
response to a result of the level comparison. 

5. A noise reduction circuit comprising: 

first means for deciding a level of every sample 
of an input signal representative of digital infor- 
mation in response to a maximum likelihood 
related to the input signal; 
second means for generating an ideal signal in 
response to the level decided by the first 
means; 

third means for calculating a difference 
between the input signal and the ideal signal 
generated by the second means; 
fourth means for generating a corrective signal 
in response to the difference calculated by the 
third means; and 
— fifth means for correcting the input signal in 
response to the corrective signal generated by 
the fourth means. 

6. A noise reduction circuit comprising: 
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first means for deciding a level of every sample 
of an input signai representative of digital infor- 
mation in response to a maximum likelihood 
related to the input signal, and for generating a 
level decision signal representing the decided 
level; 

a first memory for storing successive samples 
of the level decision signal generated by the 
first means; 

a second memory for storing successive sam- 
ples of the input signal, wherein the signal sam- 
ples stored in the second memory correspond 
to the signal samples stored in the first memory 
respectively; 

second means for comparing a first pattern 
represented by a given number of last succes- 
sive samples of the level decision signal with 
second patterns represented by the signal 
samples in the first memory to detect, from 
among the second patterns, a past pattern cor- 
responding to the first pattern, and for generat- 
ing an address signal in response to a position 
of the detected past pattern; 
third means for selecting a signal sample from 
among the signal samples in the second mem- 
ory in response to the address signal gener- 
ated by the second means; 
fourth means for calculating a difference 
between the signal sample selected by the 
third means and a corresponding sample of the 
input signal; 

fifth means for generating a corrective signal in 
response to the difference calculated by the 
fourth means; and 

sixth means for correcting the input signal into 
a correctionresuftant signal in response to the 
corrective signal generated by the fifth means. 
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and 

second means for controlling a frequency of 
the sampling clock signal in response to the 
phase error detected by the first means. 

A phase lock control circuit as recited in claim 8, 
wherein the first means comprises means for 
detecting the phase error in response to three suc- 
cessive samples of the digital signal generated by 
the analog-to-digital converter. 



A noise reduction circuit as recited in daim 6, fur- 
ther comprising seventh means for writing a present 
sample of the correction-resultant signal over a cor- 
responding signal sample in the second memory 
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8. A phase lock control circuit comprising: 

45 

an analog-to-digital converter for periodically 
sampling an analog signal representative of 
digital information in response to a sampling 
clock signal, and for converting every sample of 
the analog signal into a corresponding digital so 
sample to convert the analog signal into a cor- 
responding digital signal; 
first means for detecting a phase error between 
the sampling clock signal and the analog signal 
in response to a maximum likelihood related to 55 
the analog signal and also in response to a cor- 
relation between samples of the digital signal 
generated by the analog-to<figital converter; 
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